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R Over Arching Goal
Develop a machine learning approach capable of merging a variety of datasets to
identify locations ideal for in-situ measurements of snow. The results of this work will be

an improvement in water supply estimates and will allow for detection of key validation
points for current and future run-off models.
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e Radial Basis Function Neural Network
* Partitioning

 What is Graph Theory?

* Defining Graphs.

* Hubs/Modularity

* Optimization

* Some Results
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Feature Matrix

Partitioning Data

Entire Data Set

Sope ]
Slope 3
Shoge }
Sope 4
sooe t

Pex i
Oex 2

fex 3
Dex 4

B s

Aspect |
Aapect 2
Adpext 3
Arpect ¢
Aspect 3

Training Set

Sope 1 Bex ! Aspect 3
Sepe ? Eee 2 Ragect 2
Sicpe Dex ) Arpect 3
Stope & e & Asgect 4
Siope § () Aspact 3

. . .

. . .

- . .

Cross-Validation

.......

Aspect 1
Adpect 2
Apect 3

Aspect 3

® 9'@.9

Aspect 1
Aspect)

hagect)

Aspect &
Aapect 5




BOISE STATE
UNIVERSITY

The Approach

Graph Theory + Neural Networks
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What is Graph Theory?

» Relationships defined by connections known as edges.
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What is Graph Theory?

» Relationships defined by connections known as edges.

* Relationships between individual objects or measures called nodes
can then be formed. ®

A collection of edges and nodes is called a Graph.
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e \\hat is Graph Theory?

* Adjacency Matrix
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e \\hat is Graph Theory?

* Adjacency Matrix

A B C D

A 0] -1 1 -1

B 1 0] 1 1

A ij — C -1 -1 0] -1
D 1 -1 1 0]




e \\hat is Graph Theory?

* Degree Matrix

A B C D

A 3 0 0 0

B 0 3 0 0

D-- — C 0 0 3 0
] D 0 0 0 3




e \\hat is Graph Theory?

* Laplacian Matrix

A B C D

A 3 -1 -1 -1

D _ A — L — B -1 3 -1 -1
i MNjj i T
D -1 -1 -1 3
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Graph Properties

Number of Nodes/Links
Directed or Simple
Degree Distribution

Diameter
Cluster Analysis
Spanning Trees

Hamiltonian Cycles
Shortest Path
Hubs/Centrality
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Graph Theory Based Unsupervised Learning

e Populate adjacency matrix

1 if ASD<6
A =
O if ASD>6
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Clusters
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Use statistics from clusters @ © @ to perform unsupervised training on the RBFNN.



Modularity

Clauset et al 2004

Spectral - Learning Curves
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Preliminary Results

Random Survey - Neural Network Prediction from Random Survey
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Observed Snow Depth Testing Set - Buffalo Pass
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Wi n d D i re Cti O n (Winstral et. al 2002)

SBSP WindRose: Oct 1, 2015- June 10, 2016 SASP WindRose: Oct 1, 2015- June 10, 2016
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Senator Beck Basin -- SubCatchment:17
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Senator Beck Basin -- SubCatchment:17
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Sample Design



Senator Beck Basin -- SubCatchment:1
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Senator Beck Basin -- SubCatchment:1

Snow Elev Solar
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Senator Beck Basin -- SubCatchment:4
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Senator Beck Basin -- SubCatchment:4
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Senator Beck Basin -- SubCatchment:4
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Senator Beck Basin -- SubCatchment:9
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Senator Beck Basin -- SubCatchment:9

- snowd = elev solar
1200 | : 1000 q : 2000 ; |
1000 | Mean = 1.92 | 7 ‘Mean = 3.59e+03 ~ Mean = 1.32e+05
' Var = 0.916 800 | War = 5.23e+03 1500 | Var = 3.97e+09
> 800 > l >
- S 600 ‘ O
3 600 2 & 1000 |
S 9 D
400 ¢
T 4 :—)(’() {
200 o] | |
|
0 ‘ - 0 el ' o A s
-5 0 10 3400 3500 3800 3700 3800 0 1 2 3
Depth [m] Elev (m) Solar WH/m?]  x10°
aspect B wind
1200 | - 1200 |
1000 ~ Mean=965 | 42005 1000 | g Mean = 4.51
Var = 8.21e+03 g , Var = 194
. 800 . 4.2 . 800 |
O € Q
3 600 'Z 4.1995 S 600 |
T = @ |
“ 400 1~ 4.199 | “ 400 |
200 ¢ 4.1985 - 200 |
2.59 2.6 2.61 2.62 j
m! I
0 il | UTMF. (-7“ . 1(_’ 0 | Ul | 1LY
-200 0 200 400 -50 0 50 100

Aspect [deg] Wind [Tbreak]




Frequency

- N
o o

o

[0}
o

Frequency

Senator Beck Basin -- SubCatchment:9

Snow

N
o

w
o

Mean =1.74
Var =1.05

Frequency

2
Depth [m]

D
o

N
o

Aspect

Var = 4.52e+0]

f\ Mean =90.8 ’g

;\/
([@))
£
<
T
(®)
12
(D)
|9
4y}
LL

0 200
Aspect [deg]

140

120

100

[00)
o

60 r

40 ¢

20 1

0

3550

Elev

Meat|= 3.66e+0
Var =(792

3650 3700

Elev (m)

3600 3750

Training Set Snhow

200 400 600
False Easting (m)

100

80

Frequency

Frequency
B (@]
o o

N
o

Solar

60

40 |

Mean = 1.76e+05 [ ]
Var = 1.22e+09 g
—

1 2 3
Solar [WH/m?]  x10°

Wind

L Var =148

Mean = 6.64

0
Wind [Tbreak]



Questions?



